The ability to monitor oxygen (O 2 ) availability and delivery is crucial to an animal ' s survival. Vertebrates have a number of O 2 ' sensing ' cells that monitor environmental oxygen and ensure adequate delivery to the tissues. While there is little doubt that these cells perform important homeostatic functions, there is little consensus on how a change in O 2 concentration, or partial pressure (pO 2 ), is transduced into a physiological response. We recently proposed that the metabolism of hydrogen sulfide (H 2 S) functions as the O 2 sensor in a variety of tissues. In this mechanism, the concentration of biologically active H 2 S is regulated by the simple balance between constitutive H 2 S production and its oxidation by mitochondria. This hypothesis is supported by a number of experimental observations in a wide range of O 2 sensing tissues: 1) exogenous H 2 S produces the same physiological response as hypoxia; 2) cellular H 2 S production is inversely related to pO 2 at physiologically relevant pO 2 s; 3) agonists and antagonists of H 2 S biosynthesis augment and inhibit hypoxic responses, respectively; and 4) H 2 S and hypoxia appear to act via common effector pathways. The reciprocal relationship between H 2 S and O 2 also has a long evolutionary history suggesting these gases have been inexorably intertwined throughout evolution. The intent of this review is to elaborate on the mechanism of H 2 S-mediated O 2 sensing.
Introduction
The oxygen dependency of most vertebrates is reflected in the variety of specialized oxygen ' sensing ' mechanisms that insure adequate delivery of oxygen (O 2 ) to tissues.
These O 2 sensing cells are strategically placed to monitor ambient O 2 , O 2 transport in blood, and to match blood flow with ventilation or tissue demand. There is considerable controversy concerning the actual mechanism with which these cells detect O 2 levels or availability and then transduce this into physiologically relevant signals and of the numerous proposed O 2 sensing mechanisms none have received unanimous support. Our work has suggested that the O 2 dependent metabolism of hydrogen sulfide (H 2 S) is an effective and efficient mechanism of H 2 S sensing. This review describes evidence supporting this hypothesis.
O 2 sensing cells and tissues

Ambient O 2 sensors
Unlike terrestrial vertebrates, many water-breathing vertebrates have external O 2 -sensing cells that enable them to directly monitor ambient O 2 . These cells, neuroepithelial cells, are common on the gills of fish and they are very similar to type 1 glomus cells in the carotid body; in fact the first gill arch of fish is the carotid homolog [ 1 ] . Neuroepithelial cells initiate a reflex bradycardia and increase in ventilation in response to hypoxia (pO 2 below approx. 75 -100 mm Hg [ 2 ] ). Aquatic O 2 sensors are advantageous because water has a lower capacity for O 2 than air (1/30), diffusion through water is slower (Krogh ' s diffusion coefficients 1/200,000), O 2 solubility decreases by around 20 % for every 10 ° C increase in temperature and another 20 % in seawater compared to freshwater. Water is also more viscous than air (60 times) and this can affect both mixing and delivery to respiratory tissues. In addition, O 2 levels can vary temporally (minutes to seasons) and spatially within meters [ 3 ] . In mammalian lungs, cells similar to neuroepithelial cells line the airways especially near bifurcations [ 4 ] . Clusters of these cells (neuroepithelial bodies) are most prevalent in neonatal lungs and they may be important in the transition from a fetal life to airbreathing; their function in adult animals is unclear [ 4 ] . Other external O 2 sensors are relatively uncommon in terrestrial vertebrates, presumably because atmospheric O 2 is relatively constant (21 % ) and if O 2 should change, such as in borrows or with increasing altitude, these changes can be monitored by internal O 2 sensors.
Blood O 2 sensors
Most monitors of blood oxygenation are understandably located in the arterial circulation. Here they can insure an appropriate O 2 supply to tissues. In fish, neuroepithelial cells similar to the external ambient O 2 -sensing cells, line the gill vasculature, especially the vessels that drain oxygenated blood from the gill [ 1 ] . Type I glomus cells in the carotid and aortic bodies of mammals perform a similar function, and the carotid is uniquely positioned to monitor O 2 delivery to the brain. Carotid and aortic bodies are the main, if not only, sensor of acute and chronic arterial hypoxemia in adults [ 1 ] . When stimulated, these cells reflexly increase ventilation and peripheral vasoconstriction, but if breathing is not possible, they produce bradycardia and peripheral vasoconstriction. The latter, the classic ' diving reflex ' , is strikingly similar to hypoxic bradycardia observed in fish.
Chromaffin cells in fish, the homolog of the mammalian adrenal medulla tend to be spread along systemic veins in more primitive fishes and line the posterior cardinal veins in bony fish. They secrete catecholamines in response to hypoxemia and stimulate cardiorespiratory responses but their function as primary O 2 sensing cells has not been confirmed [ 5 ] . Functionally, they serve as monitors of O 2 delivery to tissues by reporting on the level of tissue O 2 extraction. Chromaffin cells in the mammalian adrenal medulla do respond to hypoxemia and they release catecholamines into the bloodstream where they have general cardiorespiratory effects [ 6 ] .
O 2 sensors that regulate blood flow
It is well-known that mammalian blood vessels change their diameter in response to hypoxia. Historically, it has been generally accepted that systemic vessels are relaxed by hypoxia [hypoxic systemic vasodilation (HSV)] and this matches tissue perfusion to metabolic demand; as tissue metabolism increases local pO 2 falls and this relaxes the blood vessels thereby increasing O 2 delivery to the tissue. Hypoxia, however, contracts pulmonary vessels [hypoxic pulmonary vasoconstriction (HPV)]. This decreases blood flow to under ventilated regions of the lung and by matching ventilation to perfusion maximal O 2 uptake is ensured. Although these responses may be modulated by a variety of factors such as paracrine signals from the endothelium or surrounding tissue, both HSV and HPV are intrinsic responses of the vascular smooth muscle cells themselves [ 7 ] .
Perfused gills and lungs of non-mammalian vertebrates also exhibit hypoxic vasoconstriction, but surprisingly, hypoxia also constricts systemic conductance (large) vessels in many non-mammalian vertebrates (summarized in [ 8 ] ) and hypoxia may dilate some mammalian pulmonary vessels [ 9 ] . These atypical responses have been instrumental in identifying the role of H 2 S in O 2 sensing as described below. Long-term (chronic) effectors of hypoxic responses, e.g., hypoxia inducible factors (HIF) are not considered in this review.
Mechanism(s) of O 2 sensing
As cells can be depolarized or hyperpolarized by closing or opening potassium channels it was initially thought that the channels themselves were O 2 sensors [ 10 ] . Now, however, it is generally accepted that the channels function downstream of the actual sensing mechanism, but there is considerable debate regarding the nature of the actual sensor. Even in the single case of HPV there is little consensus on the O 2 sensing mechanism(s).
The various theories of O 2 sensing in pulmonary arteries have been extensively reviewed by Sylvester et al. [ 11 ] . As mitochondria account for most of a cell ' s O 2 consumption they are central to most O 2 sensing theories and implicit in the three most prevalent theories, the redox hypothesis, the reactive oxygen species (ROS) hypothesis and the energy state/AMPK (AMP-activated protein kinase) hypothesis. In the redox hypothesis, hypoxia suppresses mitochondrial oxidative phosphorylation which further reduces the cytosol and decreases ROS production. Voltage-gated potassium (K v ) channels that were tonically kept open during normoxia by ROS now close and the resulting cell depolarization opens voltage-gated calcium channels and the influx of calcium produces contraction. Essentially the opposite occurs in the ROS hypothesis where hypoxia increases mitochondrial production of ROS, namely superoxide ( ⋅ O 2 -) and probably more importantly hydrogen peroxide (H 2 O 2 ). The ROS thus produced activate a variety of intracellular signaling cascades that also increase intracellular calcium concentration. In the energy state/AMPK hypothesis, hypoxia decreases mitochondrial ATP production which increases the AMP to ATP ratio and activates AMP kinase. The resulting production of cyclic ADP ribose then brings about an increase in intracellular calcium and contraction. Other O 2 sensing mechanisms such as heme oxygenase [which generates the gasotransmitter carbon monoxide (CO)], plasma membrane bound NADPH oxidase or a yet identified hemoprotein or mitochondrial complex III and nitric oxide (NO) have also been described for various tissues [ 12 -15 ] .
H 2 S as an O 2 sensor
We [ 16 ] initially proposed that the metabolism of H 2 S served as a direct couple between O 2 tension and the hypoxic response, i.e., the O 2 sensor. The concept for this mechanism is simple, H 2 S production in the cell is offset by mitochondrial oxidation. Thus the concentration of biologically active H 2 S is tightly and inversely coupled to O 2 availability. As shown in Figure 1 , H 2 S is metabolically generated from cysteine, or other reduced thiols (RSH). In normoxia the H 2 S is oxidized to thiosulfate and then irreversibly to sulfate in the mitochondria. Both oxidative steps are inhibited when O 2 availability falls resulting in an increase in H 2 S concentration and the attendant H 2 S activation of down-stream effectors. In addition, as the mitochondrial environment becomes more reduced by hypoxia the external sulfur on the preexisting thiosulfate will also be liberated as H 2 S. The latter can occur either spontaneously or be enzymatically catalyzed. This also recycles sulfur and conserves thiols.
In order for H 2 S to function as a physiologically relevant O 2 sensor a number of criteria must be met [ 18 ] : 1) the effects of exogenous H 2 S must mimic those produced by hypoxia; 2) O 2 -sensing tissues must produce H 2 S and H 2 S production and/or metabolism must be regulated at physiologically relevant O 2 tensions (pO 2 ); 3) the hypoxic response must depend upon H 2 S production/metabolism, i.e., agonists and antagonists of H 2 S production or metabolism should augment or inhibit hypoxic responses, respectively; 4) hypoxia and H 2 S must have specific and identical effector mechanisms. As detection of O 2 availability and delivery is essential to many forms of life, this mechanism should also have an evolutionary precedent and a phylogenetic history (criterion 5?).
Exogenous H 2 S mimics hypoxia Cardiovascular system
Hosoki et al. [ 19 ] were the first to show H 2 S relaxation of rat gastrointestinal smooth muscle (ileum), systemic arteries (thoracic aorta) and veins (portal), an observation that has been confirmed repeatedly. This response is similar to the effects of hypoxia but the connection was not made until we [ 16 ] observed that both H 2 S and hypoxia constrict the lamprey aorta and bovine pulmonary arteries and produce a constriction-relaxation-constriction in rat pulmonary arteries. There are now nearly 30 produce essentially identical responses in vessels, nonvascular smooth muscle, chemoreceptors and chromaffin cells from all classes of vertebrates. These studies are interesting in several respects. First, they clearly show that hypoxic vasodilation of systemic vessels is not a general response in many non-mammalian vertebrates. Second, in a comparison of hypoxic responses of bovine and sea lion pulmonary arteries we [ 9 ] observed that unlike the hypoxic pulmonary vasoconstriction common in the bovine vessels (and heretofore all mammals) hypoxia vasodilates sea lion pulmonary arteries and arterioles. This is an obvious necessity to prevent pulmonary hypertension that would otherwise accompany the relatively extreme hypoxia routinely encountered during prolonged dives. This challenges the paradigm that hypoxic vasoconstriction is a universal response of mammalian vessels, but more importantly was the observation that H 2 S also dilates these vessels. This enabled a more thorough comparison of H 2 S-mediated hypoxic signaling in the sea lion and cow using essentially the same tissue from two similar-size mammals (various aspects are described below).
H 2 S also mimics the hypoxic response in perfused tissues and in vivo. H 2 S decreases vascular resistance in the perfused rat mesenteric circulation [ 20 ] and reduces systemic blood pressure in mice and sheep in vivo [ 21 , 22 ] . Conversely, H 2 S increases vascular resistance in the perfused rat lung [ 23 ] and increases pulmonary vascular resistance in sheep in vivo [ 21 ] . Pre-and post-conditioning with H 2 S has also been shown to protect against reperfusion injury in a variety of tissues and it has been suggested that the series of exogenous H 2 S pulses in these experiments mimic hypoxia-induced increase in endogenous H 2 S in the classical hypoxia-induced conditioning experiments [ 17 ] .
Chemoreceptor cells
H 2 S mimics the hypoxic response in a variety of chemoreceptor cells. Exogenous H 2 S increases afferent nerve activity in vitro from the mouse carotid [ 24 ] , and in vivo intravenous administration of H 2 S increases ventilation in sheep [ 25 ] . H 2 S has effects similar to hypoxia in other chemoreceptor cells including zebrafish neuroepithelial cells [ 26 ] and trout chromaffin cells [ 27 ] .
Other tissues
H 2 S and hypoxia also have similar effects in a variety of non-vascular smooth muscle. Hypoxia and H 2 S inhibit spontaneous contractions and reduce resting tension in the rainbow trout urinary bladder and in the presence of one stimulus (either hypoxia or H 2 S) this tissue does not respond to the other [ 28 ] . Hypoxia and H 2 S also decrease frequency of spontaneous contractions and inhibit baseline tension in rainbow trout and coho salmon circular and longitudinal intestinal smooth muscle [ 29 ] . Interestingly, in trout and salmon, both hypoxia and H 2 S produced an initial and transient increase in spontaneous contraction frequency and amplitude as well as baseline tension before the inhibitory effects appeared. These observations support the hypothesis that H 2 S-mediated O 2 sensing is a ubiquitous phenomenon.
O 2 -sensing tissues produce H 2 S and H 2 S concentration is regulated at physiologically relevant pO 2 
H 2 S production
Four enzymes cystathionine β -synthase (CBS), cystathionine γ -lyase (CSE) and the sequential activity of cysteine aminotransferase (CAT) and 3-mercaptopyruvate sulfurtransferase (3-MST) account for most, if not all H 2 S biosynthesis. Cysteine has been the most commonly studied substrate for H 2 S production, however, it has recently become apparent that there are a number of options for synthesizing H 2 S from homocysteine and some of these may be more physiologically relevant [ 30 ] . CAT transfers the amine group from cysteine to a keto acid, typically α -ketoglutarate, forming 3-mercaptopyruvate. Subsequent desulfuration of 3-mercaptopyruvate by 3-MST forms the persulfide, 3-MST-SSH from which H 2 S can be liberated by another reductant such as thioredoxin (Trx) or dihydrolipoic acid (DHLA), both are abundant in cells [ 31 -33 ] . As described below, a variety of other sulfur moieties augment hypoxic responses suggesting that they too can be the source of H 2 S biosynthesis.
CBS is more prevalent in the brain, and CSE dominates in the vasculature although CBS has been found in vascular endothelium [ 9 , 34 ] . Both are cytosolic enzymes although CSE may migrate to the mitochondria under certain circumstances [ 35 ] . MST, but not CAT, is found in vascular smooth muscle; both enzymes have been found in the mitochondria and cytosol (summarized in [ 36 ] ). CBS and CSE have also been found in human plasma [ 37 ] .
CBS, CSE and CAT are pyridoxal 5 ′ phosphate (PLP)-dependent, enzymes all of which can be inhibited by hydroxylamine (HA). Aminooxyacetate (AOA) is an irreversible inhibitor of CBS, propargyl glycine (PPG) an irreversible inhibitor of CSE, and β -cyanoalanine (BCA) a reversible CSE inhibitor. Pyruvic acid may be a competitive inhibitor of 3-MST. All these inhibitors lack specificity and show variable uptake by tissues [ 36 , 38 ] . CAT activity is inhibited by calcium [ 39 ] and the heme group in CBS is inhibited by CO, but not NO [ 40 ] .
Metabolism (inactivation)
Mitochondrial oxidation accounts for most H 2 S metabolism [ 41 ] . In the initial step, one H 2 S binds with each of two mitochondrial sulfide: quinone oxidoreductases (SQR) enzymes forming persulfides (SQR-SSH). Sulfur dioxygenase (SDO) then oxidizes one of the persulfides to sulfite (SO 3 2- ) while the other persulfide sulfur is transferred from SQR to sulfite by sulfur transferase (ST) resulting in thiosulfate (S 2 O 3
2-
). In normoxia, the thiosulfate is further metabolized to sulfate by thiosulfate reductase and sulfite oxidase and the sulfate is excreted. Most tissues, except perhaps the brain appear to use this mechanism [ 42 ] . The sulfur atoms on thiosulfate can be disproportionated as the peripheral sulfur has an oxidation state of − 1 and is therefore readily reduced to sulfide (oxidation state − 2, i.e., H 2 S and HS -). This can be catalyzed by either 3-MST or rhodanase in the presence of physiological levels of the endogenous reductant, dehydrolipoic acid [ 31 ] . Thiosulfate can also be reduced by thiosulfate reductase (TR) which catalyzes thiosulfate reduction in the presence of glutathione; TR is found in mammalian liver and kidney, and to a lesser extent in brain, heart, intestine and testis and approximately 85 % -90 % of the TR is found in the mitochondria [ 43 ] . Thus, it is quite likely that H 2 S would be generated from thiosulfate during hypoxia when the intracellular environment becomes more reduced and there is insufficient O 2 for further oxidation.
Tissue H 2 S production and O 2 -dependent consumption
While numerous studies have shown that H 2 S is produced by a variety of tissues [ 34 ] practically all of these studies have measured H 2 S production under anoxic or severely hypoxic conditions. It is not clear how, or if, these measurements correlate with H 2 S production under physiological conditions. We used a polarographic H 2 S electrode to measure H 2 S production in real time in fresh tissue homogenates or intact cells and found little evidence for H 2 S production under normoxic conditions, whereas a significant amount of H 2 S was produced during hypoxia [ 9 , 26 , 44 ] . Furthermore, we observed that H 2 S was produced by both bovine and sea lion pulmonary arteries and in both instances the increase in H 2 S production was reversed to H 2 S consumption in the presence of O 2 ( Figure 2 A and B) . Similar observations have been made in rat aorta [ 45 ] , pulmonary arteries [ 23 ] and homogenized lung [ 17 , 23 ] , and in the trout heart [ 44 ] , gill [ 26 ] and intestine ( Figure 2 C; [29] ). We also confirmed that H 2 S was consumed by mitochondria and by carefully controlling p O 2 we were able to titrate the rate of H 2 S consumption as a function of p O 2 [ 9 ] . As shown in Figure 2 D, the ability of lung homogenates, pulmonary arterial smooth muscle cells, or purified mitochondria to consume oxygen fails at physiologically relevant p O 2 s, i.e., those routinely encountered during hypoxia. Interestingly, the p O 2 at which the ability of pulmonary arterial smooth muscle cells to oxidize H 2 S is halved (p 50 ) is identical to the p 50 of hypoxic pulmonary vasoconstriction ( Figure 2 D) . As might be expected, mitochondria function at a p O 2 below the cytosolic p O 2 and the H 2 S oxidation curve is left-shifted accordingly. These studies show that the metabolism of H 2 S is oxygen dependent and that the ability of tissues to metabolize H 2 S fails at physiologically relevant p O 2 S.
Hypoxic responses are coupled to H 2 S production/metabolism
In order to determine the dependency of the hypoxic response on H 2 S, we examined the effects of compounds that either potentially inhibit or augment hypoxic responses. As shown in Figure 3 , inhibitors of H 2 S biosynthesis inhibit hypoxic vasoconstriction in the lamprey aorta and bovine pulmonary artery, inhibit hypoxic vasodilation in the norepinephrine-precontracted rat aorta and decrease the hypoxia-induced increase in vascular resistance in both the perfused rat lung and trout gill [ 16 , 23 , 46 ] . Interestingly, CSE appears to be primarily responsible for hypoxic vasodilation in the rat aorta and hypoxic vasoconstriction in the perfused lung, whereas CBS appears more important in hypoxic vasoconstriction in bovine pulmonary arteries, although these results need to be confirmed as more specific inhibitors become available. MST may also have a role in H 2 S production in the perfused rat lung as not only did the addition of α -ketoglutarate augment the hypoxic response, aspartic acid, a competitive inhibitor of MST, significantly reduced the α -ketoglutarate effect. Inhibitors of H 2 S biosynthesis have also been shown to inhibit hypoxic relaxation of rainbow trout urinary bladder [ 28 ] and rainbow trout and Coho salmon intestine [ 29 ] .
Inhibiting CBS in the mammalian carotid body decreases afferent nerve activity in vitro and blunts the hypoxic hyperventilation in vivo [ 24 ] . Similarly, Peng et al. [ 47 ] observed a hypoxia-dependent increase in H 2 S production by rat carotid bodies and both H 2 S production and sinus nerve activity could be blocked by inhibiting CSE and in a mouse CSE knockout (CSE -/-) hypoxic responses of glomus cells were significantly reduced. Hypoxia-evoked catecholamine secretion from adrenal glands was also inhibited in CSE -/-mice or by inhibiting CSE in rats [ 47 ] . Clearly additional studies are needed to sort out the specific metabolic pathways for H 2 S production in the glomus cells, but nevertheless, a strong case can be made for the involvement of H 2 S in hypoxic signal transduction.
Hypoxic responses are also enhanced by sulfur ' donating ' compounds ( Figure 4 ) . The most notable, and frequently used is cysteine which augments hypoxic contraction in the lamprey aorta ( Figure 4A ), the perfused rat lung ( Figure 4B ) and bovine pulmonary arteries ( Figure  4C and D) . Exogenous cysteine also augments the hypoxic relaxation component of the perfused trout gill [ 46 ] as well as hypoxic relaxation of trout urinary bladder [ 28 ] and salmon intestine [ 29 ] . Other potential sulfur donors have also been shown to augment hypoxic responses including reduced and oxidized glutathione [ 9 , 23 ] , 3-mercaptopyruvate alone or in combination with cysteine [ 9 , 23 ] and cystathionine (Olson unpublished).
Hypoxia and H 2 S have specific and identical effector mechanisms
As the effector actions of H 2 S have not been clearly resolved, it is difficult to determine if H 2 S and hypoxia have identical effector mechanisms. One would presume that if hypoxia and H 2 S act through a common effector pathway then in the presence of one of these stimuli the other would be abolished or severely reduced. We have observed that hypoxic responses are reduced or inhibited by H 2 S, and vice versa, in the lamprey dorsal aorta, perfused trout gill, rat thoracic aorta and bovine pulmonary arteries suggesting that these two stimuli do indeed compete for a common pathway [ 16 , 46 ] .
In several tissues, the effects of hypoxia and H 2 S appear to act through common effector mechanisms. In the rat aorta it is well known that K ATP channels are involved in both hypoxic and H 2 S responses [ 10 , 48 ] . Both hypoxia and H 2 S depolarize bovine pulmonary arteries, fish gill neuropeithelial cells and lamprey aortas and removal of the first pair of gill arches in the trout, the predominant site of O 2 chemoreceptors, inhibits both hypoxia-and H 2 S-mediated bradycardia [ 16 , 26 ; Madden and Olson, unpublished] . Hypoxia and H 2 S also stimulate catecholamine release from trout chromaffin cells [ 27 ] and increase afferent nerve activity and neurotransmitter release from the mouse carotid body; both stimuli appear to act through large-conductance calcium activated potassium (BK Ca ) channels [ 24 ] . The involvement of BK Ca channels in glomus cell responses to H 2 S has been confirmed in considerable detail by Telezhkin et al. [ 49 , 50 ] . The underlying mechanisms associated with H 2 S-mediated vasoconstriction remain to be identified.
Is there an evolutionary precedent for H 2 S and O 2 sensing?
The evolutionary relationships between H 2 S and O 2 have been recently reviewed [ 51 ] . H 2 S was one of the first energy-producing substrates during evolution and played a key role in the origin and development of mitochondria. Even SQR, the initial enzyme in H 2 S oxidation, retains its tight association with complex I in the mitochondrial A number of recent studies have suggested that the concentration of H 2 S in blood and tissues is < 1 μ M and may in fact be orders of magnitude lower [ 52 ] . As these concentrations are 10 -1000-fold lower than those commonly employed in biological studies, one of the most pressing questions in this young field is, are the effects of H 2 S physio logical or pharmacological? A number of factors may help explain some of these discrepancies [ 53 ] . First, because H 2 S is very volatile, it is rapidly lost from solution, often the H 2 S concentration is halved in < 5 min. In the Langendorff perfused heart apparatus nearly all H 2 S is gone by the time the buffer has been recirculated once. Second, intracellular oxidation of H 2 S is rapid. Thus, it is difficult to predict just how much exogenous H 2 S reaches the responsive elements in the cell. Third, intracellular H 2 S concentrations have yet to be determined. It is likely that H 2 S is not produced uniformly through the cell and that within discreet areas the concentrations may vary considerably.
Conclusions
There is increasing evidence that oxidation of endogenously synthesized H 2 S is an effective mechanism of (A), modified from [ 16 ] , with permission; (B), modified from [ 23 ] , with permission; (C), modified from [ 9 ] , with permission; (D), unpublished myograph trace providing data for [ 9 ] .
O 2 sensing in a wide variety of tissues; tissue responses to hypoxia and H 2 S are identical, H 2 S is produced by all O 2 sensing tissues and the oxidation of H 2 S occurs at physiologically relevant as before p O 2 , hypoxic responses depend on tissue H 2 S biosynthesis, and the effects of hypoxia and H 2 S appear to be mediated through identical signaling pathways. Furthermore, the mechanism of H 2 S-mediated O 2 appears to be phylogenetically ancient, an attribute that would be expected of a ubiquitous signaling mechanism. Parenthetically, it is also of interest to note that this mutually exclusive relationship between O 2 and H 2 S is not confined to cells but is a common theme in the environment. The sub-cellular localization of H 2 S production and the mechanisms of intracellular and extracellular trafficking of H 2 S and its downstream effectors will give us further insight into this key signaling mechanism.
